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The acute changes in coronary blood flow and coronary
resistance that occur in response to cigarette smoking
have not been accurately determined. To define the fac-
tors that affect this response, coronary sinus blood flow
was measured in 16 patients (group I) with coronary
artery disease and in 6 patients (group II) without an-
giographically detectable coronary disease. Seven pa-
tients (group IA) had severe (2. 75%) proximal left coro-
nary lesions and nine patients (group IB) had significant
distal lesions with 50% or less proximal stenoses. Group
I had a smaller overall increase ( i 1.6 ± 5.3%) in coro-
nary sinus blood flow than did group II ( i 7.7 ± 6.1 %)
(p < 0.05). Coronary resistance increased overall ( i 2.7
± 5.3%) in group I but decreased ( t 2.4 ± 3.4%) in
Although chronic cigarette smoking produces long-term al-
terations in coronary artery reactivity (1), the acute coronary
hemodynamic response to smoking remains controversial.
Prior observations in human subjects with normal coronary
arteries (2,3) and with coronary artery disease (3,4) have
been conflicting, showing either no change or an increase
in coronary blood flow in response to increased myocardial
oxygen demand. In patients with coronary artery disease,
neither the extent of the coronary disease nor the state of
left ventricular function was considered.
In addition, methodologic problems were present in these
studies (2-4). When coronary flow was determined by the
nitrous oxide extraction technique, measurements of coro-
nary flow were made up to 40 minutes after smoking one
cigarette. Because the systemic effects of smoking one cig-
arette last for approximately 10 minutes (5,6), the duration
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group II (p < 0.05). Patients in group IA had a highly
significant increase in coronary resistance as compared
with group IB (i 7.0 ± 4.2% versus t 0.9 ± 2.6%) (p
< 0.001). Coronary sinus flow tended to decrease ( t 1.2
± 4.6%) in group IA but to increase ( i 3.8 ± 5.1%)
in group IB (p = 0.06).
It is concluded that smoking increases coronary re-
sistance in patients with coronary artery disease. Agreater
impact is observed in patients with a severe proximal
stenosis than in those with a distal stenosis. It is proposed
that smoking increases coronary artery tone at the site
of the stenosis, limiting the coronary flow response pro-
portionally to the size of the affected vascular bed.
of the coronary vascular response should be measured im-
mediately after smoking to best understand its significance.
Therefore, to study the acute effects of smoking on the
coronary circulation, we measured coronary sinus blood
flow by the continuous thermodilution technique in patients
with and without coronary artery disease while they were
smoking one cigarette at the time of cardiac catheterization.
Methods
Patient selection. All patients who were referred for
diagnostic cardiac catheterization to evaluate the cause of
chest pain were eligible for this study. Sixteen patients with
proven coronary artery disease and six patients with normal
coronary and left ventricular angiograms form the basis of
this study. All patients were either present or past chronic
cigarette smokers who gave informed consent before cath-
eterization according to a protocol approved by the Mount
Sinai Medical Center Research Administrative Committee.
Patients with the following conditions were excluded from
selection: I) organic heart disease other than coronary artery
disease, 2) nonischemic cardiomyopathy, 3) unstable angina,
4) congestive heart failure, or 5) chest pain during the pro-
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cedure. Twenty-six patients who fulfilled these criteria agreed
to participate in the study. Coronary sinus blood flow studies
could not be perfonned in four of these patients because of
technical inability to position the catheter in the coronary
sinus. Thus, 22 patients, 17 men and 5 women with a mean
age of 53 years (range 40 to 78), were enrolled.
Procedure. Nitrates, beta-adrenergic blocking agents and
calcium antagonists were withheld for 8 to 12 hours before
the procedure. All other medications and caffeine-contain-
ing drinks were withheld for 4 to 6 hours. Patients did not
smoke a cigarette for at least 1 hour before the procedure.
Patients were premedicated with 10 mg of oral diazepam.
Aortic and left ventricular pressures were measured during
the course of the catheterization, and left ventriculography
was perfonned in the right anterior oblique projection. In
one patient with a 90% left main coronary artery lesion, the
left ventriculogram was not perfonned and this patient is
omitted from that portion of the analysis. Routine coronary
angiography was completed in each patient before the coro-
nary sinus flow measurements. An arterial catheter was left
in the aorta during the subsequent studies. No further studies
were perfonned until at least 15 minutes after completion
of the routine catheterization, so as to minimize any possible
influence of the vasodilatory effect of contrast medium.
A thermodilution catheter was introduced into the coro-
nary sinus through a left antecubital fossa vein. A coronary
sinus catheter with two thennistors and two pacing elec-
trodes (Wilton Webster Laboratories) was utilized in 15
patients and a Pepine catheter (7) was utilized in 7 patients.
Placement of the catheter within the coronary sinus was
verified as previously described (8).
Hemodynamic and flow measurements. Blood pres-
sure and heart rate. Baseline measurements were obtained
on an Electronics for Medicine recorder. Heart rate was
measured by a continuous recording of one electrocardio-
graphic lead, measured over a 20 second period before the
initiation of smoking. Arterial blood pressure was displayed
and calibrated on a 200 mm Hg scale.
Arterial and coronary sinus oxygen saturations. Paired
blood samples to measure oxygen saturation were obtained
before the start of cigarette smoking. A filtered cigarette,
1.0 mg nicotine, 16 mg tar, was then smoked by each patient
with a continuous recording of the electrocardiogram, ar-
terial blood pressure and coronary sinus blood flow. After
the cigarette was smoked according to the individual's cus-
tomary speed and intensity of inhalation, all variables were
measured during the next 30 seconds, including repeat paired
coronary sinus and arterial oxygen saturation determina-
tions. Heart rate and blood pressure were measured at 5
minute intervals until these variables returned to baseline
values (within 10 to 15 minutes).
Coronary sinus blood flow. This was continuously re-
corded as an electrical mean at a paper speed of 5 mm/s.
Coronary sinus flow was calculated just before and imme-
diately after smoking during quiet respiration according to
the continuous thermodilution method of Ganz et al. (9).
The values were obtained as an average over at least a 10
second period. Because of the very small changes observed,
the resistance of the thennistors was set for a very large
paper deflection, allowing accurate detennination of small
changes. Coronary sinus blood flow was not measured dur-
ing smoking because the deep inhalation involved in smok-
ing creates artifactual changes in the record in some patients.
A representative record is shown in Figure 1.
Rate-pressure product. This was calculated as systolic
blood pressure x heart rate.
Mean arterial pressure was calculated as [(systolic pres-
sure) + 2 (diastolic pressure)] -:- 3.
Coronary resistance was detennined as mean arterial
pressure -:- coronary sinus blood flow.
Arterial-coronary sinus oxygen difference is presented as
volume %/100 ml. This was calculated by the fonnula:
[(Arterial oxygen saturation - coronary sinus oxygen sat-
uration) X (1.34 X 10 x serum hemoglobin)] -:- 100.
Left ventricular angiography and coronary arteri-
ography. The left ventricular angiograms and coronary ar-
teriograms were interpreted by an experienced angiographer
who had no knowledge of the results of hemodynamic or
coronary flow measurements. The percent narrowing of a
lesion was defined as the average visualized in at least two
views. Only the lesion of greatest narrowing in any region
was recorded (Table 1). A significant lesion was defined as
at least a 50% reduction of luminal diameter, while a critical
lesion was defined as a 75% or greater narrowing. Coronary
collateral vessels were identified as being either present or
absent, and the direction of flow was noted.
The proximal left anterior descending artery region was
defined as that area before either the first large septal or
first large diagonal branch. The proximal circumflex artery
region was defined as that area before the first obtuse mar-
ginal branch. Right coronary artery lesions were not in-
cluded in this analysis because the coronary sinus flow method
does not usually measure the venous drainage from the right
coronary artery territory (10). Ejection fraction was calcu-
lated by planimetry according to a modification of the method
of Dodge et al. (11) based on the 30° right anterior oblique
left ventriculogram.
Statistical analysis. The data were maintained and ana-
lyzed using SAS (Statistical Analysis System) on an IBM
370 computer at the City University of New York Com-
puting Center. Means and standard deviations were calcu-
lated for all groups. Student's t tests were perfonned when
comparing continuous variables between two groups; chi-
square analysis was perfonned when testing two categorical
variables. Pearson correlation coefficients were calculated
when testing relations between two continuous variables.
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Figure 1. Patient 22. Composite record-
ing illustrating the response to cigarette
smoking in a normal subject. The left side
of the figure is a portion of the recording
just before smoking, and the right side
was recorded just moments after the com-
pletion of one cigarette. Coronary sinus
blood flow (CSBF) increased from 105 to
118 ml/min (about 11%) with smoking.
Note the attendant increases in heart rate
and arterial blood pressure.
Results
Coronary anatomy and ventricular function. Table I
lists the angiographic data obtained in each of the 22 patients
in the study. The patients are classified into two groups on
the basis of coronary anatomy as determined at the time of
coronary angiography. Group I comprises 16 patients with
coronary artery disease and group II consists of 6 patients
with normal coronary arteries and left ventricular function.
Group I was subdivided on the basis of coronary flow re-
sponse (see later) into seven patients (group IA) with critical
(~ 75%) proximal left coronary artery stenoses and nine
patients (group IB) with significant distal left coronary artery
lesions and 50% or less proximal stenoses. There was no
statistically significant difference between groups I and II
with regard to ejection fraction (60.4 ± 16.4% in group I
versus 71.7 ± 10.6% in group II) or left ventricular end-
diastolic pressure (14.5 ± 5.2 versus 11.7 ± 2.3 mm Hg,
respectively). There was also no significant difference in
these values between groups IA and IB (64.2 ± 17.3 versus
58.0 ± 16.4% and 14.2 ± 4.9 versus 14.8 ± 5.6 mm Hg.
respectively).
Coronary and systemic hemodynamic changes with
smoking. Effects of coronary artery disease. Table 2 sum-
marizes the percent change in each of the important coronary
and systemic hemodynamic variables studied with cigarette
smoking. These values are calculated from the individual
data presented in Table 3. The 16 patients with coronary
artery disease (group I) had a significantly smaller increase
in coronary sinus blood flow during smoking as compared
with normal patients (group II) ( i 1.6 ± 5.3 versus i 7.7
± 6.1 %, respectively) (probability [p] < 0.05). In addition,
coronary resistance increased in group I patients, but de-
creased in group II patients (i 2.7 ± 5.3% versus ~ 2.4
± 3.4%, respectively) (p < 0.05), despite similar changes'
in rate-pressure product. Although changes in arterial-coro-
nary sinus oxygen difference were not significantly different
between these two groups, in the group with coronary artery
disease, there was a trend toward a larger increase.
No electrocardiographic changes (in the one monitored
lead) or chest pain occurred in any of the subjects either
during or after cigarette smoking.
Effects ofcritical proximal versus critical distal coronary
stenosis. The response to smoking in group I patients was
not homogeneous (Fig. 2 and 3). Patients with a critical
proximal left anterior descending artery or proximal left
circumflex artery lesion (group IA) tended to have an in-
crease in coronary resistance and a decrease in coronary
sinus flow. All patients in group IA exhibited an increase
in coronary resistance during smoking (i 7.0 ± 4.2%). In
three of the five patients with a critical lesion of either the
left main or left anterior descending artery, coronary resis-
tance increased 8 to 13%. Patients in group IB (critical distal
stenosis) had variable changes, with an overall decrease in
coronary resistance ( ~ 0.9 ± 2.6%). The three patients in
group IB who developed increased coronary resistance had
a less prominent response than the patients in group IA.
The difference in the coronary resistance response between
groups IA and IB was highly significant (p < 0.001), despite
comparable changes in rate-pressure product. Again, while
changes in arterial-coronary sinus oxygen difference were
not statistically different, the group with proximal stenoses
tended to exhibit a larger increase. In addition, coronary
sinus blood flow tended to decrease ( ~ 1.2 ± 4.6%) in
group IA but to increase ( i 3.8 ± 5. 1%) in group IB (p
= 0.06) (Fig. 3). Changes in coronary sinus blood flow
and coronary resistance were directionally similar in groups
IB and II (Fig. 2 and 3) and were not statistically different.
Effect of normal versus abnormal ventricular func-
tion. There was no difference in either the coronary resis-
tance or coronary sinus blood flow responses between pa-
tients with normal and abnormal left ventricular function as
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Table 1. Results of Coronary Angiography and Left Ventricular Catheterization
Coronary Angiogram (% diameter reduction)
Prox LVEDP EF
Case LMCA Prox LAD Dist LAD LCx Dist LCx RCA (mm Hg) (%)
Group IA (patients with severe proximal coronary stenoses)
I 0 75 75 100 * 100 22 35
2 80 90 75 0 70 100 7 78
3 90 * * 0
4 0 90 0 0 100 100 14 66
5 25 50 50 99 100 100 12 54
6 50 70 90 100 100 14 82
7 90 0 0 0 0 100 16 70
Mean:±: SD 14.2 :±: 4.9 64.2 :±: 17.3
Group IB (patients with significant distal coronary stenoses)
8 40 0 100 0 75 70 16 54
9 0 50 80 0 80 100 9 40
10 0 0 100 0 75 75 8 72
II 0 0 100 50 0 100 20 32
12 0 0 75 0 100 100 21 53
13 0 0 0 0 90 20 13 70
14 0 0 0 0 50-60 100 16 84
15 30 0 100 0 30 75 22 52
16 0 0 90 0 0 99 8 65
Mean:±: SD 14.8 :±: 5.6 58.0 :±: 16.4
Group II (patients without detectable coronary artery disease)
17 10 84
18 12 60
19 14 85
20 13 68
21 8 63
22 13 70
Mean:±: SD 11.7 :±: 2.3 71.7 :±: 10.6
*Not evaluable angiographically. Dist = distal; EF = ejection fraction; LAD = left anterior descending artery; LCx = left circumflex artery; LMCA
= left main coronary artery; LVEDP = left ventricular end-diastolic pressure; Prox = proximal; RCA = right coronary artery; SD = standard deviation.
measured by ejection fraction and left ventricular end-dia-
stolic pressure. There was also no significant difference
between these groups regarding changes in rate-pressure
product and arterial-coronary sinus oxygen difference.
Effects of cigarette consumption, gender, age. Heavy
(> 1 pack per day) versus light (:51 pack per day) smoking
habits did not correlate with either the change in coronary
sinus flow or coronary resistance (Table 4). Statistical anal-
ysis also showed no correlation between gender and coro-
nary response, with respect to either coronary flow or re-
sistance, despite the larger percent of women in the normal
group. Within groups, age was not a predictor of the coro-
nary response. However, because the normal patients were,
in general, younger than the patients with coronary disease,
Table 2. Summary of Changes in Coronary and Systemic Hemodynamic Data With Cigarette Smoking
Group
1
"IA
IB
11% i RPP ~% iCAVD 11 % CSBF ~ % CR
15.2 :±: 5.6 4.9 :±: 4.8 i 1.6 :±: 5.3] i 2.7 :±: 5.3]
16.5 :±: 14.1 2.2 :±: 2.0 p.7 :±: 6.1 ~ 2.4 :±: 3.4
17.3 :±: 4.1 7.0 :±: 5.3 ~ 1.2 :±: 4.6] ~ i 7.0 :±: 4.2] j:
3.5 ± 4.2
I
13.5 :±: 6.2 i 3.8 :±: 5.1 ~0.9:±:2.6
*p < 0.05; tp = 0.06; :j:p < 0.001. CAVD = arterial-coronary sinus oxygen difference; CR = coronary resistance; CSBF = coronary sinus blood
flow; RPP = rate-pressure product; 11 = change; ~ = decrease; i = increase.
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Table 3. Individual Coronary and Systemic Hemodynamic Responses to Smoking
Before Smoking After Smoking
RPP RPP
Case SBP HR x 103 MAP CAVD CSBF CR SBP HR x 103 MAP CAVD CSBF CR
Group IA
I 144 75 10.8 94.0 11.00 185 0.508 151 82 12.4 98.3 11.77 172 0.572
2 143 78 11.2 91.7 10.88 130 0.705 148 84 12.4 94.0 11.76 122 0.770
3 182 54 9.8 127.3 88 1.447 188 62 11.7 132.0 85 1.553
4 130 96 12.5 90.3 11.27 102 0.882 144 102 14.7 98.0 11.85 105 0.933
5 166 78 12.9 110.7 179 0.618 171 87 14.9 115.7 179 0.646
6 123 62 7.6 81.0 9.26 91 0.890 137 69 9.5 89.0 9.26 96 0.927
7 136 63 8.6 94.7 6.70 167 0.567 143 72 10.3 99.0 7.68 167 0.593
Group IB
8 145 75 10.9 100.3 6.09 107 0.937 157 82 12.9 111.0 6.85 114 0.973
9 89 75 6.7 59.7 9.85 III 0.538 87 79 6.9 57.7 10.52 III 0.520
10 185 105 19.4 123.0 140 0.879 190 114 21.7 124.7 140 0.891
11 193 87 16.8 121.0 11.92 178 0.680 185 98 18.1 119.0 11.50 178 0.669
12 161 90 14.5 117.7 9.05 150 0.785 161 108 17.4 116.3 9.85 150 0.775
13 158 72 11.4 104.7 10.23 115 0.910 172 81 13.9 114.0 10.42 128 0.891
14 154 72 11.1 101.3 10.87 124 0.817 161 78 12.6 108.3 10.87 139 0.779
15 101 72 7.3 63.7 10.91 155 0.411 103 81 8.3 65.0 11.83 161 0.404
16 144 78 11.2 96.7 12.81 94 1.029 147 84 12.3 97.7 13.46 94 1.039
Group II
17 110 78 8.6 83.3 10.32 90 0.925 110 78 8.6 83.3 10.32 90 0.925
18 103 66 6.8 89.0 9.59 80 1.113 112 81 9.1 98.7 9.95 91 1.085
19 153 57 8.7 98.3 11.92 139 0.707 160 63 10.1 100.0 12.33 154 0.649
20 133 75 10.0 96.3 185 0.521 145 84 12.2 100.3 202 0.497
21 98 96 9.4 58.7 9.29 155 0.379 98 96 9.4 58.7 9.29 155 0.379
22 126 72 9.1 82.0 12.21 105 0.781 138 84 11.6 92.7 12.61 118 0.786
CAVD = arterial-coronary sinus oxygen difference (volume percent); CR = coronary resistance ([mm Hg· min]/ml); CSBF = coronary sinus blood
flow (mllmin); HR = heart rate (beats/min); MAP = mean arterial pressure (mm Hg); RPP = rate-pressure product: SBP = systolic blood pressure
(mm Hg).
no specific conclusion can be drawn regarding age when
comparing the normal group with the groups with coronary
disease.
Effect of collateral vessels. Right coronary to left coro-
nary artery collateral vessels were present in three patients
(Cases 8, to and 15) and left coronary to right coronary
artery collateral channels were present in six patients (Cases
1,4,5,7,9 and 11). No trend that could explain the
coronary flow data on the basis of collateral flow was dis-
cernible, but the number of patients in this aspect of the
analysis is small.
Discussion
Hemodynamic response to cigarette smoking. The
hemodynamic response to smoking is the net result of a
series of effects on autonomic and peripheral ganglia, sys-
temic honnonal release, myocardial wall stress and con-
tractility (I). An immediate elevation in blood pressure oc-
curs as the result of direct stimulation by nicotine of peripheral
postganglionic adrenergic receptors (12) and carotid and
aortic body chemoreceptors (13) leading to peripheral vaso-
constriction (14,15). Myocardial wall stress increases be-
cause of the increased afterload induced by the increased
peripheral resistance. Systemic catecholamine release causes
increased contractility and further increases in heart rate (16)
beyond the direct positive chronotropic effect of nicotine
(17). Thus, cardiac output increases (18) chiefly as the result
of increased heart rate, with variable changes in stroke volume.
The net physiologic consequence of cigarette smoking,
therefore. is to increase myocardial oxygen demand. Under
these circumstances, increased coronary blood flow must
occur, as oxygen extraction by the myocardium is maximal
at rest (19). The presence of coronary artery disease may
limit this response by blunting the increase in coronary flow.
Any further increase in the work load of the heart beyond
this limit then calls on increased oxygen extraction from
coronary capillary blood. If this is still inadequate, an im-
balance between oxygen supply and demand is produced,
causing ischemia. Clinically, patients with angina pectoris
have a lessened exercise tolerance before the development
of ischemia (20) and a significantly enhanced severity of
ischemia (21) after smoking one cigarette.
Effect of severe proximal coronary artery disease on
response to smoking. In this study, we have shown that
the presence, severity and distribution of coronary lesions
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Figure 2. Percent change in coronary resistance in 22 chronic
smokers while smoking one cigarette. The data are arranged ac-
cording to group (see text). Groups IA + IB versus group II: p
< 0.05; group IA versus group IB: p < 0.001.
markedly alter the coronary vascular response to smoking.
Apart from its known effects on increasing myocardial ox-
ygen demand, smoking acutely decreases coronary blood
flow and increases coronary resistance in some patients with
a severe, proximal left coronary artery lesion. The obser-
vation that three of five patients with a 75% or greater left
main or proximal left anterior descending artery stenosis
exhibited a 4 to 8% decline in coronary blood flow and an
8 to 13% increase in coronary resistance is the first reported
instance of cigarette smoking directly inducing coronary
vasoconstriction. No vasoconstrictor responses were noted
in normai patients, and those that occurred in patients with
significant distal lesions and 50% or less proximal lesions
were less prominent.
Clinical implications. An increase in coronary sinus blood
flow and a decrease in coronary resistance occurred in re-
sponse to cigarette smoking in normal patients. Although
the normal systemic vascular response to smoking is vaso-
constriction, our data suggest that direct vasoconstriction
in the coronary bed or enhanced coronary alpha-adrenergic
nerve stimulation by nicotine without coronary beta-adre-
nergic compensation are unlikely in normal individuals.
The difference in the acute coronary hemodynamic re-
sponse exhibited by the unobstructed and the proximally
obstructed coronary artery systems provides a possible clue
to the site of the increased vascular resistance in patients
with coronary artery disease. As noted, nicotinic stimulation
of coronary adrenergic receptors would induce both small
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and large vessel vasoconstriction. The constrictor effect on
the small vessels is counterbalanced by the dilator effect of
increased local metabolites secondary to increased cardiac
effort. This effect would apply irrespective of the presence
or absence of obstructions of the large coronary arteries.
When alpha-adrenergic stimulation is applied to the normal
large coronary artery, the overall reduction in caliber has
little, if any, effect on flow potential of the system (22).
When there is a discrete stenosis in the large vessel, further
narrowing of this stenosis area by smooth muscle contraction
may lead to impairment of flow delivery beyond the stenosis.
This dynamic vascular obstruction has been shown to occur
in response to cold (23) and ergonovine administration. The
fact that the blood vessel in and around the stenosis is highly
responsive to extravascular stimuli means that this is both
a site for potential ischemia to be induced and a site at which
relief of stenosis and improvement of blood flow may like-
wise occur (24).
Mechanism of response to smoking in patients with
severe proximal coronary stenosis. We therefore propose
that smoking increases coronary tone at the site of severe
coronary stenoses in patients with coronary artery disease,
resulting in increased coronary resistance. This would ex-
plain the greater impact in patients with a severe proximal
stenosis than in those with a distal stenosis, because the
coronary flow response is limited proportionally to the size
of the affected vascular bed. The possibility that collateral
flow could also modify this response cannot be excluded.
Figure 3. Percent change in coronary sinus blood flow in the 22
subjects while smoking one cigarette. The data are arranged ac-
cording to group (see text). Groups IA + IB versus group II: p
< 0.05; group IA versus group IB: p = 0.06.
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Case
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
F = female; M male.
Age (yr)
&Sex
61M
78M
53M
55M
52M
63M
47M
60M
59M
53M
60M
47M
56F
46M
66F
55M
56F
40F
55M
40M
47M
43F
Smoking History
2 packs per day x 40 yr
2 packs per day x many yr + cigars
2 packs per day x 40 yr: quit x 3 mo
I pack per day X many yr
I pack per day x many yr: quit x 2 weeks
1'/, to 2 packs per day x 30 yr
2 packs per day x 30 yr
2 packs per day x many yr
3 packs per day X 40 yr + cigars
Quit smoking 3 yr ago
'I, pack per day: occasional pipe
I pack per day x 25 yr
I pack per day x 20 yr
2 packs per day x 30 yr
Rare cigarette
I pack per day x many yr
Quit smoking more than 5 yr ago
1'/0 packs per day x 25 yr
Rare cigarette
2 to 3 packs per day x many yr
Less than 'I, pack per day under stress
2 to 4 packs per day x 25 yr
An alternative mechanism to explain our data is that the
group with proximal stenosis may have a larger downstream
arteriolar bed that is near maximally dilated at rest to sustain
coronary flow. It is possible that these arterioles are very
sensitive to vasoconstrictor stimuli, as has been proposed
with regard to cold pressor testing (25), and constrict in
response to cigarette smoke. Our finding that normal patients
do not develop increased coronary resistance, but actually
have increased coronary flow in response to cigarette smok-
ing, would seem to provide evidence against this hypothesis.
Thus the arterial lesion and its impact on perfused myo-
cardial mass remains a potential way in which cigarette
smoking may impair the response to augmented cardiovas-
cular loading conditions.
Limitations of study. Although the same standard cig-
arette was given to each patient it was not possible (or
desirable) to control the speed or intensity of the smoking.
Variability in this factor undoubtedly contributed to the in-
dividual differences observed in the systemic hemodynamic
response. To the extent to which these individual variations
complicate comparisons of response, this is a limitation.
However, these variations probably reflect real differences
in individual effect.
Some of the small changes in coronary sinus flow that
were observed with smoking approach the limit of accuracy
of the method. We estimate that the smallest change that
we could detect was 3 to 5 mUmin, despite technical ad-
justments (see Methods). Smaller changes were not detected
and are reported as zero change in flow. Some minor degree
of variability in the coronary sinus flow determination is
inevitable, given respiratory variation, the phasic nature of
coronary sinus flow, and inadvertent patient motion. We
believe our methods kept the effect of these artifacts to a
minimum.
This investigation did not quantify changes in coronary
artery caliber, a subject for further study. In addition, be-
cause the coronary sinus thermodilution technique allows
only a global measurement of left ventricular coronary flow,
any inferences concerning changes in regional flow are not
absolute.
Implications. Cigarette smoking acutely affects the
coronary circulation in a complex manner that is related
both to the degree of the systemic hemodynamic response
and to the presence and nature of associated coronary artery
disease. Although these effects are small, they are highly
important in understanding the additional stress on the heart
imposed on the individual who is a chronic smoker.
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